Previous Work
The map area abuts previously mapped areas to the north (Giant Forest and Triple Divide Peak 15 geologic quadrangles; Sisson and Moore, 1994; Moore and Sisson, 1987) and east (Kern Peak 15 geologic quadrangle; Moore and Sisson, 1985) . Metamorphic rocks near the village of Mineral King in the headwaters of the East Fork Kaweah River were mapped in reconnaissance by Knopf and Thelen (1905) and in detail by Christensen (1959 Christensen ( , 1963 , Dillon (unpub. data 1969) , and Busby-Spera (1983 , 1984a , 1984b . These maps agree in the distribution and general types of metamorphic rocks, but differ in purpose and emphasis. The Christensen map (1959 , 1963 highlights structures and metamorphic assemblages; the J. Dillon map (unpub. data, 1969) groups metamorphic rocks into informal formations on the basis of their protoliths and recognizes additional map-scale folds not shown by Christensen (1959 Christensen ( , 1963 ; the BusbySpera map (1983, 1984a, 1984b) emphasizes eruptive and depositional environments of the metamorphic protoliths. The present map benefits from those previous studies, as well as from 1:24,000-scale topographic bases and high-resolution digital orthophoto quadrangles that were unavailable for the earlier efforts. Other previous studies include geologic maps supporting USGS mineral-resource assessments by M.G. Sawlan and K.M. Ort (unpub. data, 1982) in the headwaters of the Tule River and by du Bray and Dellinger (1981) in the Golden Trout Wilderness in the southeast part of the map area. Matthes (1965) discusses the Pleistocene glacial history and landforms of Sequoia National Park and vicinity, including the headwaters of the East and South Forks of the Kaweah, the Little Kern, and Kern Rivers. Previous work on paleontology and mineral deposits is addressed in following sections.
Metamorphic Rocks
Five large areas of metamorphic rock, commonly referred to in the Sierra Nevada as "metamorphic roof pendants" or "pendants," underlie about 15 percent of the map area. Like elsewhere in the Sierra Nevada, these are steep-sided, elongate masses of diverse metamorphic rocks that lie between, and are intruded by, granitic rocks. The Mineral King pendant spans the north-south length of the map area near its eastern margin, extending short distances north into the Triple Divide Peak 15 quadrangle (Moore and Sisson, 1987) and south into the Camp Nelson 7.5 quadrangle (du Bray and Dellinger, 1981) . The south ends of the Sequoia and Sheep Ridge pendants enter the map area from the north and northwest, respectively, near Paradise Ridge and Ash Peaks Ridge (Sisson and Moore, 1994) , and the north end of the Tule River pendant enters the map area from the south at Mountain Home State Forest. The South Fork Kaweah pendant is the only large mass of metamorphic rocks wholly enclosed in the map area and lies between resistant granites that support Homers Nose and Dennison Mountain. Previous workers assigned the metamorphic rocks to the Triassic to Jurassic Kings sequence (Bateman and Clark, 1974; Saleeby and others, 1978) or to the Kings terrain (Nokleberg, 1983) , but recent results discussed herein indicate that metamorphic rocks that have Cretaceous protoliths are also present.
Metasedimentary Rocks
Most metamorphic rocks within the map area were deposited as submarine sediments that lithified to mudstones, siltstones, and sandstones, with thin bands of limestone and local areas of quartz-rich sandstone. Graded and rippled sedimentary bedding and primary clastic textures are well preserved in metasandstones and metasiltstones in the Mineral King pendant (Busby-Spera, 1985) . Elsewhere, metamorphism and deformation have variably destroyed primary sedimentary structures, but relict bedding is widely preserved as compositional bands, typically centimeters to tens of centimeters thick. Mudstone and siltstone were metamorphosed to slate, phyllite, and argillaceous hornfels (slp); areas of abundant thin-bedded fine-grained sandstone and siltstone, with subordinate mudstone, were metamorphosed to siliceous hornfels (slhf); appreciably calcareous sandstones and siltstones were metamorphosed to calc-silicate hornfels and schist (cs). Thick sections of metasandstone having well-preserved clastic textures and sedimentary structures are present on the east and west sides of the Mineral King pendant. The region on the east, from Franklin Lakes through Tulare Peak to Bullfrog Lakes, consists of folded thin-and medium-bedded turbidity current strata (ss) from a submarine fan complex (Busby-Spera, 1985) . To the southeast these sandstones grade to finer grained and thinner bedded metasandstone and metasiltstone with interstratified metaargillites and calc-silicate rocks (qbcs, undivided quartzofeldspathicmicaceous and calc-silicate metasedimentary rocks). Volcaniclastic metasandstones (vss) on the west side of the pendant are thin to medium-bedded and have well-preserved metavolcanic felsite grains and locally interstratified metavolcanic breccia beds. These volcaniclastic metasandstones appear to grade northward to thin-bedded siliceous hornfels (slhf) that crosses the ridge west of Timber Gap, but the area between these exposures is concealed by till. To the south, the volcaniclastic metasandstones grade to, or are closely interstratified with, schistose metarhyolite on the west side of Farewell Gap (K?smr).
Marbles (m), recrystallized after limestones, are present in all of the metamorphic pendants. Calc-silicate interbands are common in marble and constitute as much as half of some areas shown on the map as marble. Marbles are distinctly continuous along strike, but their thicknesses vary considerably; in some places, meter-thick bands of marble, or of mixed marble and calc-silicate rock, stretch across hillsides for hundreds of meters and connect thicker marble exposures. Marble bands also divide or merge along strike, enclosing areas of other metasedimentary rocks, probably a result of tight folding. Marble dissolves and weathers cavernously to karst, particularly where marble bands cross or follow stream beds, producing sinkholes, dry stream beds, springs, and caves. Karst is not well developed where marbles cross hillsides and ridge crests, probably indicating that the present configuration of ridges and valleys has great, though not quantified, antiquity.
Metasedimentary rocks have not been subdivided in detail outside of the Mineral King region because of poorer exposures and greater degrees of metamorphic recrystallization. Quartzofeldspathic biotite schist and hornfels encompass metaargillites with interstratified metasiltstones and metasandstones (qb) in some areas. In other areas, metasedimentary sections include appreciable but subordinate calc-silicate hornfels and schist (qbcs).
Fossils
Fossils are rare in metamorphic rocks of the Sierra Nevada, but marine invertebrates of Late Triassic age have been found at several places within the northeastern part of the Mineral King pendant. Reported locations are restricted to narrow belts mainly of siliceous and calc-silicate hornfels (but containing lesser amounts of slate, argillaceous hornfels, and marble) along the east wall of the Mineral King and uppermost Little Kern valleys, spanning from Crystal Creek south to Bullfrog Lakes (Franklin and Crystal Creek units of Busby-Spera, 1984a) . Before metamorphism, the fossiliferous rocks were chiefly thin-bedded fine-grained sandstones and siltstones, with subordinate mudstone, and minor limestone (Christensen, 1963) , interpreted to have been deposited in a marine continental-shelf environment (Busby-Spera, 1984a); pebble conglomerate is present near the south end of the belt. Fossils have not been reported from the other metamorphic pendants in the map area.
Turner (1894) and Durrell (1940) report ammonites and the pelecypod Halobia at about 9,000 ft elevation along the creek draining Franklin Lakes. Christensen (1959) reports fossils from eight localities in this belt including the ammonite Clionites? sp., pelecypods Halobia superba, Halobia sp., Monotis? sp., and Paleoneilo sp., and brachiopod Spiriferina sp. Busby-Spera (1983 , 1984a collected Late Triassic brachyopods along Crystal Creek from the first marble bed west of the thick metarhyolite tuff (about 9,000 ft elevation). Slate containing the pelecypod Monotis sp. (identified by S. Starratt, USGS) and indeterminate weakly deformed ammonites was found during the present work at 10,480 ft elevation on the southwest side of the small basin northwest of Tulare Peak. Smith (1927) also reported Pseudomonotis subcircularis? and Paleoneilo? sp. from the Mineral King area but does not provide locations.
Metavolcanic Rocks
The Mineral King area is notable for the abundance, diversity, degree of preservation, and accessibility of metamorphosed volcanic rocks. Accordingly, these rocks have been studied and interpreted in considerable detail (Christensen, 1959; BusbySpera, 1983 BusbySpera, , 1984b BusbySpera, , 1986 . Major units consist of (1) thick sections of light-colored metarhyolite tuffs, commonly with relict pyroclastic textures and relict quartz and plagioclase phenocrysts; (2) metadacite tuffs, lava flows, and breccias that are darker colored than the metarhyolites (because of greater biotite and amphibole abundances) and lack relict quartz phenocrysts; and (3) even darker metaandesites that include coarse, thick-bedded breccias and lava flows, commonly with prominent relict phenocrysts of plagioclase. Metavolcanic units characteristically grade into interstratified volcaniclastic and nonvolcanic metasedimentary rocks, leading to somewhat arbitrary contact locations, but indicating subaqueous deposition (Busby-Spera, 1984b , 1986 .
The ages of Mineral King metavolcanic rocks and the structure of the pendant are considerably revised based on the present and other recent investigations (Starnes and others, 2010; Klemetti and others, 2011) . Busby-Spera (1983 , 1984a , 1986 interprets the Mineral King pendant as an eastward-younging homocline of Triassic to Early Jurassic metavolcanic and metasedimentary rocks. This conclusion is based on Triassic fossils, interpreted stratigraphic continuity between metasedimentary and metavolcanic rocks, concordant U-Pb zircon ages from metavolcanic rocks in upper Crystal Creek (Late Triassic) and upper Cliff Creek (Early Jurassic), and multiple low-precision 206 Pb/ 207 Pb zircon age estimates. Concordia plots of the U-Pb results of Busby-Spera (1983) , however, are consistent with ~135 Ma eruption ages (Early Cretaceous) for the thick metarhyolite tuffs that pass through the village of Mineral King, Vandever Mountain, and Timber Gap-lower Monarch Creek, and for a metarhyolite sill that intrudes metasandstones near Tulare Peak ( fig. 1 ). Age discordance can be attributed to a minor inherited zircon component ~1.6 Ga old, similar to ages inferred for inherited zircons in other Sierra Nevada igneous rocks (Saleeby and others, 1990) . Direct redating of the major metarhyolite tuffs by ion-microprobe U-Pb zircon methods confirms their ~135 Ma eruption ages and Proterozoic (1.6 Ga) inheritance (Starnes and others, 2010; Klemetti and others, 2011) . Additional age revisions are summarized in table 1, and are based on concordia plots that assume that discordance is due to a common 1.6±0.3 Ga inherited zircon component. These revisions indicate that the majority of Mineral King metavolcanic rocks are Cretaceous and Jurassic, although Triassic rocks (^ma) are present in the eastern part of the pendant. Hence, there is no simple age progression across the pendant, indicating that substantial structural (and possibly stratigraphic) complexity exists, although this complexity is only partly resolved at the present map scale.
Structure
Compositional banding in the metamorphic rocks, relict after bedding, has predominantly steep to vertical dips with strikes of N. 10 to 30 W., matching the overall outcrop trends of the metamorphic pendants and their steep contacts with flanking granites. Foliation in schists and slates, and cleavage in hornfels, are parallel to compositional banding. Outcrop-scale tight folds can be seen locally in well-bedded units (Christensen, 1963) ; folds with steeply plunging hinges are readily recognized on near-horizontal exposures, but folds with near-horizontal hinges are also present. Mapscale folds are present in the Mineral King pendant in metasandstones between Franklin and Bullfrog Lakes, and in calc-silicate metasandstones and metasiltstones near Monarch Lakes and Mineral Peak (Christensen, 1963; J. Dillon, unpub. data, 1969; Busby-Spera, 1983 , 1984a , 1986 .
Folds are less easily recognized in metavolcanic rocks owing to their obscure bedding and lateral facies changes. Nevertheless, J. Dillon (unpub. data, 1969) identified a large internally folded synform passing through Vandever Mountain, confirmed by the present mapping. The nose of this synform lies north of Vandever Mountain and is marked by a distinctive unit of dark thin-to-medium bedded carbonate-silicate pebble conglomerates with interstratified thin-bedded pebbly sandstones (ccgl) that wraps around the nose of the fold. A Cretaceous metarhyolite tuff (Kmrt) that caps Vandever Mountain cores the synform and overlies this bedded metacongomerate-sandstone unit. A subordinate syncline and anticline in the metaconglomerate and metatuff are well exposed on the north ridge of Vandever Mountain, and a south-plunging anticline within interstratfied metatuffs and metasedimentary rocks is well exposed on Vandever Mountain's upper southwest slope. The northward termination of the metarhyolite tuff at Vandever Mountain was interpreted as a caldera margin (Busby-Spera, 1984b ), but a proposed caldera ring fault could not be located during the present mapping, and the fine clast size and well-bedded character of the conglomerate-sandstone unit are dissimilar to caldera-margin megabreccias.
The thick Cretaceous metarhyolite tuff (Kmrt) that spans from Timber Gap Creek south-southeast across Monarch Creek and Crystal Creek may also core a syncline, at least near its south end. This interpretation is based on the Late Triassic age (established by fossils) of metasedimentary rocks that flank the Cretaceous metatuff directly to its east and west (Christensen, 1959; Busby-Spera, 1983 , 1984a , as well as a concordant Late Triassic U-Pb zircon age for a metavolcanic rock (^ma) east of the metatuff in upper Crystal Creek (Busby-Spera, 1983) . The nose of the syncline would lie about 0.5 km north of Franklin Creek, where marble with interlayered calc-silicate bands wraps the south end of the metarhyolite tuff. No fold hinge has been observed in the metatuff, however, so juxtaposition against Triassic strata by faulting cannot be ruled out.
All previous geologic maps of Mineral King identify a shear zone running down the bed of upper Farewell Canyon within slates and phyllites (Farewell Fault of BusbySpera, 1984 a, b, 1985 . Thin, discontinuous sections of marble lie along this zone. Shearing is well exposed in slates at Farewell Gap and in a zone of schistose metarhyolite (K?smr) slightly west of Farewell Gap. The total displacement on this fault is inferred to be small (perhaps less than a kilometer) because slates and argillaceous hornfels in the bed of lower Farewell Canyon are not strongly sheared, but instead have folded and preserved relict bedding, and because metarhyolite tuffs of very similar age (~135 Ma), uncommon in the Sierra Nevada, are present on both sides of the fault. The northward continuation of this fault or fracture system is marked by active soda springs and tufa deposits near Aspen Flat and by modest shearing in a thin belt of slate to the west of Timber Gap. A parallel minor fracture system transects slate in the next gully to the west, and fluids exploiting this fracture probably created the now-inactive tufa knob beside the Mineral King road at 7,700 ft elevation. The shear's continuation south of Farewell Gap is also limited, as shown by Cretaceous metarhyolite tuff and a pluton of tourmaline-bearing aplite that cross the projected trace of the fault without displacement. Instead, the fault zone steps about 1 km southwest to a parallel fault along the margin of the Mineral King pendant, but that fault also fails to offset rock units that cross its southern projection along the Little Kern River. Numerous small soda springs and tufa deposits along the bed of the upper Little Kern River indicate fluid flow along a northsouth striking joint system, but rock exposures in the bed of the river are not sheared, and contacts between rock units cross the river without mappable offsets, indicating minimal displacement.
A northeast-dipping fault crosses the upper west slope of Mineral Peak and the upper Crystal Creek basin and separates meta-andesites in the footwall from chiefly calcsilicate metasandstones in the hanging wall. Busby-Spera (1983 , 1984a ) connects this fault with a shear zone to the east of Timber Gap at about 10,100 ft elevation. At that location a roughly 10-m-thick, vertically dipping section of strongly foliated-to-mylonitic rock separates Cretaceous metarhyolite on the west from Jurassic metadacite tuffs on the east. Although strongly foliated metamorphic rocks are locally exposed between the two faults, as well as elsewhere, a continuous structure could not be traced during the present mapping.
Timing of Deformation
Near-vertical dips of Early Cretaceous metarhyolite tuffs and metaandesite, and the involvement of metarhyolite tuffs in folding, show that some of the deformation in the metamorphic rocks is Cretaceous or younger. Some deformation is demonstrably associated with emplacement of large, Late Cretaceous plutons. A locality on the west side of the Mineral King pendant close to its contact with the 98-Ma granodiorite of Castle Creek (Kcc) exposes vertically dipping metasedimentary rocks that contain isoclinally folded aplite dikes. A U-Pb zircon age of 98 Ma was also obtained from one of these dikes (table 2), indicating that they must have been intruded and tightly folded at about the time of pluton emplacement. Similar tightly folded aplite-pegmatite dikes cut metaandesite on the east side of the pendant adjacent to the large 99-100 Ma granite of Coyote Pass (Kccp, Kcp), but they did not yield zircons, so their age is unknown. Transposition of Cretaceous metavolcanic rocks to vertical dips during emplacement of Cretaceous plutons has also been described for metamorphic pendants elsewhere in the Sierra Nevada (Saleeby and others, 1990 ).
Metamorphism and Metamorphic Assemblages
Mineral assemblages within the map area are indicative of metamorphism at low pressures, corresponding to shallow depths, and at moderate to locally high temperatures owing to the emplacement of voluminous hot granitic magmas. The rocks can be assigned to the upper greenschist and amphibolite metamorphic facies. Most metapelitic rocks consist of quartz, plagioclase, biotite, muscovite, and opaque oxides, sporadically accompanied by minor andalusite and either chlorite or cordierite. Accessory minerals include apatite, tourmaline, zircon, and secondary titanite where biotite has partially retrograded to chlorite. Cordierite (altered to pinite), or less commonly andalusite, locally forms prominent ovoid porphyroblasts (as large as 5 mm) visible in outcrop. Close to granitic contacts metapelites may contain minor garnet and fibrous sillimanite instead of andalusite, but such rocks are uncommon. Discontinuous granitic veins in metapelitic rocks on the west side of the South Fork Kaweah pendant may result from local partial melting. The widespread presence of andalusite and cordierite, as opposed to kyanite and garnet, are diagnostic of low-pressure metamorphism (Spear, 1995) corresponding to depths of less than about 12 km beneath the surface.
Calc-silicate rocks range widely in appearance and mineral assemblage. The purest calc-silicates are white-to cream-colored porcelaneous rocks consisting of finegrained quartz, plagioclase, and colorless amphibole, commonly with diopside. Minor phases may include carbonate, scapolite, zoisite, and epidote. Carbonate-rich calcsilicate rocks typically have pitted weathered surfaces, owing to preferential dissolution of carbonate. Some metasiltstones have compositions intermediate between metapelites and calc-silicates, or consist of thinly interlayered metapelitic and calc-silicate bands. Calc-silicate assemblages in such rocks consist chiefly of quartz, plagioclase, and pale green amphibole, accompanied by opaque oxides and minor biotite.
Metaandesites through amphibolites (metabasalts and metabasaltic andesites) consist of plagioclase, quartz, green-to-brown amphibole, biotite, and opaque oxides. Biotite is commonly partly retrograded to chlorite, with accompanying precipitation of granular titanite. Metarhyolites consist mainly of fine-grained granoblastic quartz and plagioclase, with minor biotite and muscovite, and accessory opaque oxides, apatite, and zircon. Relict phenocrysts of quartz and plagioclase are sparse but widespread. Some metarhyolites contain isolated clusters of epidote grains, probably after calcareous vug fillings. Volcaniclastic metasandstones contain subangular detrital grains of quartz, felsite (granoblastic quartz plus plagioclase), and plagioclase, accompanied by biotite, muscovite, opaque oxides, and in some samples, interstitial carbonate.
Granitic Rocks
Mesozoic granitic rocks of the Sierra Nevada batholith underlie about 85 percent of the map area. The granitic rocks form discrete, spatially extensive plutons that are relatively uniform in texture and composition, and that have sharp contacts against adjacent plutons and metamorphic rocks. Crosscutting intrusive relations between plutons are indicative of their relative ages. Individual plutons are interpreted as the cooled and solidified products of magmas (hot, molten rock) of restricted composition and age that accumulated in particular areas beneath the Earth's surface. Plutons in the map area are about evenly divided between light-colored granites (less than about 8 percent dark minerals) and medium-colored to dark granodiorites (8 to 20 percent dark minerals), with only about 2 percent of the region consisting of very dark intrusions encompassing gabbros, diorites, and quartz diorites (Streckeisen, 1976) . The granites are similar in composition to rhyolites and rhyodacites, and the granodiorites are similar to dacites and silicic andesites (table 3). The darker intrusive rocks are compositionally similar to andesites, basaltic andesites, and basalts. Ages of the larger plutons were determined by the U-Pb zircon method, using the USGS-Stanford ion-microprobe facility (table 2) ; all of the plutons dated in this study are Cretaceous.
The oldest plutons are three small bodies of deformed granodiorite that lie along the west edges of the Mineral King and South Fork Kaweah pendants. These are the granodiorites of White Chief Mine (Kwc), Camelback Ridge (Kcr), and Burnt Camp Creek (Kbcc). These plutons resemble, but are younger than, Jurassic intrusions of the Sierra Nevada in their degree of deformation and the presence of sheared and offset darkcolored mafic dikes (Chen and Moore, 1982; Moore and Sisson, 1985) . However, their U-Pb zircon ages cluster at 133±1 to 135±1.5 Ma (Early Cretaceous), similar to the 130-140 Ma ages of the voluminous metarhyolite tuffs of the Mineral King pendant. Rocks of this age are rare in the Sierra Nevada batholith, which grew over two protracted periods: the first mainly during the Jurassic but spanning from the Late Triassic to the Early Cretaceous (~215-145 Ma), and the second during the Cretaceous (~125-80 Ma) (Chen and Moore, 1982; Irwin and Wooden, 2001 ). The lull in Sierra Nevada igneous activity was centered at 130-140 Ma, so the presence of plutonic and volcanic rocks of ~135 Ma in this spatially restricted region is evidence that those granodiorites and metarhyolites are related. The ~135 Ma plutonic and metavolcanic rocks are here informally named the "volcano-plutonic suite of Mineral King," after the Mineral King pendant that contains most of the known exposures. Parts of the granodiorite of Camelback Ridge have porphyry textures, suggestive of shallow emplacement, and resemble dacite porphyry dikes that cut nearby metamorphic rocks.
Plutons next intruded into the southern part of the map area as the 120 to 122 Ma granodiorites of Windy Ridge (Kwr) and Pecks Canyon (Kpc). Their U-Pb ages overlap within analytical uncertainty (table 2) , and glacial till conceals their contact, but the Windy Ridge pluton is probably the older of the two based on the presence of common mafic dikes that are absent in the granodiorite of Pecks Canyon. The granodiorite of Windy Ridge is atypically fine-grained (compared to other Sierra Nevada granodiorite plutons) and was probably emplaced at subvolcanic depths. The granodiorite of "Nev Point" (Knp) then intruded the south flanks of these plutons at about 116 Ma. The granodiorites of "Nev Point" and Pecks Canyon are cut by near-vertical post-magmatic shears and foliations, striking N. 20 to 40 W., with mainly downdip lineations. Magmatic foliation has a similar attitude in the adjacent southern part of the large ~98 Ma granodiorite of Castle Creek, possibly indicating that the granodiorites of "Nev Point" and Pecks Canyon were deforming while the magmas that produced the granodiorite of Castle Creek (Kcc) intruded and solidified. In the adjacent Kern Peak 15 quadrangle, the east margin of the 99-100 Ma granite of Coyote Pass is cut by the lateplutonic Coyote Peaks Fault (Moore and Sisson, 1985) , which may have formed during the same tectonic event. The granodiorite of Windy Ridge is also deformed but in a brittle and irregular fashion consisting of decimeter-sized polygonal blocks bounded by thin (<1 cm) joints and shears.
The next major intrusive event after the granodiorite of "Nev Point" was emplacement of the quartz diorite of Empire Mountain (Kem) into the north end of the Mineral King pendant. Busby-Spera (1983) reports concordant U-Pb ages of 108 and 106 Ma for two zircon splits from a single sample. The present study obtained an age of 106±1 Ma (Table 2 ). The quartz diorite of Empire Mountain is cut by sparse mafic dikes, as is the adjacent but undated granodiorite of Spring Lake (Ksl), which is provisionally interpreted to be a light-colored (felsic) facies of the quartz diorite of Empire Mountain. Nearby, the coarse-grained hornblende gabbro at Black Rock Pass (Kgb), also undated, is cut by all flanking intrusive rocks, but it partly encircles the granodiorite of Spring Lake and may be part of the Empire Mountain intrusive event. If so, the intrusive event shows an exceptional degree of compositional zoning. An undated gabbro sill on the lower east wall of the Mineral King valley is variably deformed and probably is not related to the gabbro at Black Rock Pass.
Most of the younger plutons are much larger and are part of an irregular but overall west to east progression of granitic magmatism across the Sierra Nevada (Chen and Moore, 1982) . The granite of Frys Point (Kfp) intruded the far-northwestern part of the map area mainly at 105 Ma, with phases of activity as young as 103 Ma (Holland and others, 2010) . This was followed eastward by the granodiorite of Milk Ranch Peak (Kmr, 103±1.5 Ma), which was then intruded on its eastern and southern margins by the light-colored granite of Case Mountain (Kcm, 102±2 Ma). The granite of Case Mountain is probably related to the similar looking granite of Dennison Peak (Kdp, 103±2 Ma) located a short distance to the south across the South Fork Kaweah pendant. Evernden and Kistler (1970) report biotite and hornblende K-Ar cooling ages of 88.5-87.4 Ma and 87 Ma, respectively, for samples now known to be the granite of Case Mountain.
Plutonism then shifted to the east side of the Mineral King pendant with emplacement of the large, zoned, granite of Coyote Pass (Kcp). The granite of Coyote Pass is an elongate pluton spanning 32 km on a N. 20º W. axis from the southwestern part of the Kern Peak 15 quadrangle to the southeastern part of the Triple Divide Peak 15 quadrangle Sisson, 1985, 1987) . This pluton is distinctive in many respects: (1) unlike most light-colored granites of the Sierra Nevada batholith, it contains abundant dark-colored disc-shaped mafic inclusions; (2) the granite has a faint igneous layering defined by intermittent thin (centimeter-thickness) variations in the abundance of darkand light-colored minerals; (3) the mineral layering and disk-shaped mafic inclusions dip inward toward the axis of the intrusion, defining a trough or synformal structure; (4) an indistinctly K-feldspar-porphyritic facies (Kcpp) with few to no mafic inclusions occupies the core of the intrusion and the synform; and (5) masses of fine-grained hornblende quartz diorite to hornblende gabbro (Kmcp) intrude the granite at various locations and are themselves intruded by small-volume fine-grained granodiorites (Kcpgd) of presumed hybrid granite-diorite origin. Mafic inclusions, layering, and the synformal structure are absent north of Big Five Lakes where the rock becomes uniform light-colored granite (alaskite) cut by small synplutonic mafic intrusions. A sample from the porphyritic core of the pluton yielded a concordant U-Pb age of 100.3±0.6 Ma, whereas a sample from the equigranular margin resulted in an age of 98.9±1.2 Ma (table 2). These ages overlap within analytical uncertainty, and thus the preferred age for the intrusion is 99-100 Ma, although Busby-Spera (1983) also reported a concordant age of 97-99 Ma for a sample from the margin of the pluton ("Sawtooth Peak granite" of Busby-Spera, 1983). Biotite and hornblende K-Ar cooling ages obtained from the granite of Coyote Pass are 93.2-87.4 Ma, and 93.0-86.4 Ma, respectively (Evernden and Kistler, 1970) . Two additional plutons that intruded at about this time in the south part of the map area are the granodiorite of Mountain Home (Kmh, 99±0.9 Ma) and the very light colored granite of Maggie Mountain (Kmm, 99±0.7 Ma), which flank the Tule River pendant on its western and eastern sides, respectively. The Mineral King pendant was then intruded on the west by the large granodiorite of Castle Creek (Kcc). This is the outermost and oldest member of the zoned Mitchell Intrusive Suite of Moore and Sisson (1987) that is centered to the north in the Triple Divide Peak 15 quadrangle. Total north-south mapped extent of the pluton is 45 km. The granodiorite of Castle Creek is a medium-colored hornblende-biotite granodiorite with about 3-7 flattened mafic inclusions per square meter, typical for hornblende-biotite granodiorites of the Sierra Nevada. Samples of the granodiorite of Castle Creek were dated from three widely separated localities (table 2) . Two samples yielded ages of 98±0.7 Ma and 98±1.5 Ma; the age of the third sample was 96±0.8 Ma, but re-collection and redating of that outcrop yielded an age of 98±1.3 Ma, suggesting an analytical issue with the first result. Aplite dikes (98±0.5 Ma) intruded the eastern metamorphic wall of the pluton and then were folded, and Busby-Spera (1983) reported an age of 98-99 Ma for a sample near the east edge of the Castle Creek pluton ("Eagle Lake quartz monzonite" of Busby-Spera, 1983). These results indicate that, despite its large size, the granodiorite of Castle Creek intruded over a relatively brief period at 98 Ma. A single KAr hornblende cooling age of 88.9 Ma was reported for a sample now known to be of the granodiorite of Castle Creek (Evernden and Kistler, 1970) . A sample of tourmalinebearing aplite (Kap) from an intrusion on the southeast flank of the granodiorite of Castle Creek did not yield zircons, but is interpreted to be associated with that intrusion and thus has a similar age.
Magmatic activity then ceased in the area for 6 or 7 million years until the granodiorite of Chagoopa (Kc) intruded on the east side of the granite of Coyote Pass at 91.5±0.7 Ma. This is a hornblende-biotite granodiorite that forms the outer, equigranular member of a zoned composite intrusion centered to the east in the Kern Peak 15 quadrangle (Moore and Sisson, 1985) . The youngest dated pluton is the coarsely Kfeldspar-porphyritic granite of White Mountain (Kwm) that lies near the southeast corner of the map area. Contact relations show that flanking metamorphic rocks overlie the granite along a shallowly dipping roof, now partially dissected. Erosion into the granite of White Mountain created the broad basin of the Little Kern River drainage. Zircon age results for the granodiorite of White Mountain sample are more scattered than for the other dated plutons, but the TuffZirc routine of the Isoplot dating analysis program (Ludwig, 2001) indicates an age of 90±1 Ma. The TuffZirc age for a sample is the median of the greatest number of individual zircon ages that agree within a specified uncertainty, whereas a concordia age of 92±2 Ma is obtained assuming an inherited zircon component of ~1.6 Ga.
Mineral Deposits
Construction of the trans-Sierra Hockett Trail up the South Fork Kaweah River, commencing in 1862, eased access to the Mineral King area, but mineral exploration did not begin in earnest until 1873, when James Crabtree and associates filed a mining claim in the headwaters of White Chief Creek. Prospectors quickly found many additional mineralized areas, mostly consisting of combinations of galena (lead sulfide) and sphalerite (zinc sulfide), as well as pyrite (iron sulfide) or arsenopyrite (arsenic-iron sulfide) (Goodwin, 1958) . Silver often is associated with galena and sphalerite, which prompted the prospecting boom, but silver and gold concentrations in Mineral King ores proved to be low, the ores difficult to refine, and the mineralized areas small. The largest excavations were the White Chief, Lady Franklin, and Empire mines, but many small, hopeful prospects decorate the slopes and ridges of the Mineral King valley (Goodwin, 1958 ). Concerted mining activity ended at Mineral King by 1881.
All sizeable mines and prospects in the Mineral King area are in or are associated with marble. Mineralization at the Empire and White Chief mines developed where granitic magmas intruded marble and created dark reddish brown rocks known as tactite (tc) or skarn that consist chiefly of coarse crystals of garnet, epidote, idocrase, and pyroxene. Large isolated masses of tactite also cap Empire Mountain and the crest of its northwest summit ridge. Although the tungsten mineral scheelite (calcium tungstate) is common in tactite in the Sierra Nevada and has been reported from the Empire Mine locality, it was not sought during the 1870s Mineral King prospecting boom. Additional minerals reported from the Mineral King area include chalcopyrite (copper-iron sulfide ) and pyrrhotite (iron sulfide), stibnite (antimony sulfide), and minute amounts of gold. Pyrite is also widespread in the metamorphic rocks, causing many to weather rusty brown. Small galena-sphalerite occurrences are also known in the metasedimentary rocks of the upper Tule River metamorphic pendant in Mountain Home State Forest (Goldfarb and others, 1985; Goodwin, 1958) . The last mining activity in the map area was at the Pine Tree tungsten mine in the southern part of the Mineral King metamorphic pendant, where scheelite was extracted from thin marble bands and calc-silicate rocks close to the contact with the porphyritic granite of White Mountain. This mine operated as recently as 1982 (Dellinger and others, 1983) .
Surficial Deposits Glaciation
Ice fields and glaciers widely covered regions higher than about 7,000 ft elevation during the Pleistocene. Glacially eroded cirques, U-shaped valleys, and ground-mantling deposits of unconsolidated bouldery till are the principal records of those glaciers. Ridges of till, known as moraines, mark the positions of the sides and lower ends of former glaciers in many high-elevation valleys. Ice advanced and retreated multiple times during the Pleistocene, and nested sets of moraine crests record successive glacial events. Locally, exposures and landforms are sufficiently developed to subdivide the glacial deposits by age, allowing the extent of the last major Pleistocene ice advance, referred to in the Sierra Nevada as the Tioga glaciation, to be distinguished from the older Tahoe and earlier glaciations. Tioga-age deposits (Qti) are probably also widespread in areas mapped as undivided Pleistocene till (Qw). Smaller glacial deposits with minimal to no vegetation and well-preserved moraines (Qrpm) are generally restricted to north-facing slopes and cirques above 10,000 feet elevation. These are products of both the latest Pleistocene Recess Peak and late Holocene Matthes (Little Ice Age) ice advances recognized elsewhere in the Sierra Nevada (Clark and Gillespie, 1996) . High-elevation talus fields merge with these young tills and probably mainly grew during times of more abundant ice.
Landslides and Debris Flows
Landslide and debris-flow deposits (Qls) form a bouldery mantle on the steep south slope of Ash Peaks Ridge above Sequoia National Park's Ash Mountain headquarters. The deposits follow current topography, so postdate uplift of the Sierra Nevada and incision of the Kaweah drainage, but the deposits are themselves deeply incised indicating that they are not recent. A broad, gently dipping alluvial apron of bouldery debris (Qal) fills the headwaters of the North Fork Tule River in the southwestern part of the map area. Some boulders, as big as ~10 meters across, are much larger than could be carried by historical stream flows. Neither the Ash Peaks landslide nor the North Fork Tule River debris flow apron head in extensively glaciated drainages, so enhanced meltwater discharge from Pleistocene glaciers cannot account for these deposits. Possibly, the deposits were generated by high rainfall during the Pleistocene. 
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